Objective: To identify individual and contextual factors associated with the practice of exclusive breast-feeding (EBF). Methodology: We analysed 34 435 children under 6 months of age living in 111 municipalities in the state of São Paulo, south-eastern Brazil, who participated in a survey investigating feeding practices during the first year of life, carried out during the 1999 national vaccination campaign. The questionnaire employed included questions on the consumption, in the last 24 h, of breast milk, water, tea, other types of milk and other foods, in addition to mother and child characteristics. Information on the pro-breast-feeding measures implemented in the municipalities was also collected. The effects of individual and contextual characteristics on EBF were analysed using multilevel models.
The advantages of exclusive breast-feeding (EBF) during the first 6 months of life have become increasingly evident since the 1980s. A study carried out in Brazil showed that non-breast-fed children had a 14-fold risk of dying from diarrhoea and a 3.6-fold risk of dying from respiratory disease in the first year of life compared with children who were exclusively breast-fed 1 . César et al. 2 showed that the probability of hospital admission due to pneumonia among non-breast-fed children was 17 times greater in the first year and 61 times greater in the first 3 months of life compared with exclusively breast-fed children. In an analysis of the effect of breast-feeding on infant mortality in 16 Latin-American countries, Betrán et al. 3 concluded that 66% of deaths caused by diarrhoea and respiratory infections in the region could be prevented by EBF in the first 4 months of life. After reviewing the costs and benefits of EBF in Brazil, Honduras and Mexico, Sanghvi 4 concluded that promoting breast-feeding is one of the most advantageous health interventions available.
Although there are positive trends in breast-feeding practices in Brazil 5 , only a minority of children receive breast milk exclusively during the first 6 months of life, as recommended by the World Health Organization (WHO) 6, 7 . Studies of the determinants of EBF are scarce and have limited themselves to analysing the influence of individual attributes (of children and/or mothers) on this practice, failing to consider contextual variables, such as the activity of public health-care services and the socio-economic and demographic characteristics of the municipalities where the children live.
The present study examines the influence of individual and contextual factors on the frequency of EBF in children aged up to 6 months living in 111 municipalities of the state of São Paulo, in south-eastern Brazil.
Methods

Study population
The population of the present study corresponded to all children under the age of 6 months who attended the vaccination clinics of 111 municipalities in the state of São Paulo during the 1999 national vaccination campaign.
In municipalities with infant populations of up to about 1500 children (estimated based on data from the 1998 vaccination campaign), all infants who attended vaccination clinics were studied. For the remaining municipalities, samples of children under 1 year of age were studied, adopting a two-stage clustering sampling 8 . In the first stage, vaccination clinics were randomly selected, the probability of a clinic being selected being proportional to the number of children vaccinated there in the preceding year. In the second stage, children from within each clinic were systematically selected. The sample is equiprobabilistic, or self-weighted, since the sampling fraction remains constant based on the expression f ¼ f 1 £ f 2 ; that is, all children have the same probability of being included in the selected sample.
A final total of 34 435 children under 6 months of age were studied.
Data collection procedure
Teams attended 8 h training sessions addressing survey organisation at the local level, sampling and questionnaire administration. Standardised questionnaires were answered by mothers or caregivers, and were administered by properly trained interviewers. The questionnaires included questions on consumption, in the 24 h preceding the interview, of the following items: breast milk, other types of milk (formula, fluid), water, tea, juice, fruit and other foods (porridge, paps or salt meals), following WHO recommendations for breast-feeding surveys 9 . In addition, questionnaires also contained questions regarding birth weight, mode of delivery, delivery in a hospital participating in the 'Baby-Friendly Hospital Initiative' and maternal data (age, parity, schooling, working situation, and use of private or public health-care networks for the baby).
Information on conditions that protect, promote and support breast-feeding in the municipalities was obtained by a questionnaire that was answered by the local research coordinators. This questionnaire included questions on the development of municipal measures for the promotion of breast-feeding, which mostly reflect the directives proposed by the Brazilian Ministry of Health for the construction of an inclusive policy for promoting breastfeeding 10 . These included: (1) the presence of a formal (written) municipal policy for breast-feeding; (2) activities for monitoring the Brazilian Norm for the Commercialization of Foods for Lactating Infants; (3) participation in World Breastfeeding Week; (4) the presence of a 'Baby-Friendly' hospital (BFH); (5) the presence of a human milk bank; (6) attendance of healthcare professionals at the 18 h Breastfeeding Management Course or the Breastfeeding Counseling Course; (7) the presence of a multi-professional group dedicated to the promotion of breast-feeding or to research on the subject; and (8) conducting surveys to measure the prevalence of breast-feeding.
Study variables
Children under 6 months of age who had received breast milk in the previous 24 h without any other foods or fluids were considered as belonging to the EBF group, as recommended by WHO 9 . The following child characteristics were studied: sex (male/female); birth weight (up to 1499 g, 1500 -1999 g, 2000-2499 g, 2500-2999 g, 3000 g and over); mode of delivery (vaginal/Caesarean section); hospital of birth (BFH/not BFH); and age group as control variable. Mother's characteristics studied were: age (11 -17 years, 18-19 years, 20 -24 years, 25 -29 years, 30-34 years, 35 years and older); parity (primiparous/multiparous); working situation (housewife, formal labour, informal labour); schooling (incomplete primary, complete primary, incomplete secondary, complete secondary, complete/incomplete tertiary education); and type of service used for infant care (public/private networks).
Municipalities were characterised in terms of location (inner-state/metropolitan area of São Paulo City); population (up to 10 000, 10 000 -50 000, 50 000 -100,000, 100 000 or more inhabitants) based on to data provided by the São Paulo State Secretariat of Health; and IPRS, a human development index considering population longevity, schooling and municipal economic development, which rates municipalities according to a scale ranging from 1 to 5, where municipalities in better and worse stages of development receive scores 1 and 5, respectively 11 . Additionally, the intensity of the municipality's investment in breast-feeding was characterised as the total number of municipal pro-breast-feeding measures reported by local survey coordinators. The number of measures in the 111 municipalities ranged from zero to five. Three categories were therefore created for this variable: 0-1 measure, 2-3 measures and 4-5 measures.
Analytical procedures
Estimates of EBF in relation to the child's age and their respective 95% confidence intervals (95% CI) were obtained by logistic regression, which estimates the probability P(y ¼ 1) of breast-feeding at a given age as a logistic function: Pðy þ 1Þ ¼ 1=½1 þ expð2a 2 bxÞ, where a and b are regression coefficients and x is age 12 . Two types of explanatory variables were considered in the analysis of the determinants of EBF: those related to attributes of the mother and child (individual explanatory variables) and those related to the municipalities in which the children lived (contextual explanatory variables).
The study of individual factors related to the practice of EBF was carried out concomitantly to a contextual analysis, in a multilevel analysis model 13 . Studies of this kind are also termed 'mixed studies', given that they investigate the effects of independent ecological variables over individual-level dependent variables 14 . Multilevel analysis is based on the concept that individuals interact with social contexts into which they are inserted, and that the characteristics of these social groups, on the other hand, are influenced by the individuals that compose them. In a multilevel study, the structure of data in the population is hierarchic and sampling data are seen as samples of several stages of this hierarchical population.
Traditional regression models are based on the assumption that the subjects in a study are independent among themselves in relation to the studied outcome. When data are structured in hierarchies, units in the same group are rarely independent. The fact that the units share an environment, or that they are more similar among themselves than in relation to other units, may lead to greater similarity also in terms of the outcomes of interest. This problem is more important still when explanatory variables from higher levels in the hierarchy are of interest, so that all units in the group are exposed to the factor in an identical fashion 13 . Multilevel models are developed in order to overcome the analytical difficulties that arise when data are organised hierarchically and there is an intra-group correlation 13 . For the multilevel analysis carried out in the present study, explanatory variables were divided into two levels, Level 1 containing individual characteristics (of both mother and child) and Level 2 containing variables that characterise the municipal context, the outcome being EBF (yes/no).
Individual variables were included in the model following a hierarchical modelling strategy. In this approach, variables are placed into hierarchies according to a previously established conceptual framework, and the choice of criteria for selecting variables stretches beyond purely statistical considerations. The hierarchical structure of independent variables is maintained during data analysis, allowing for the selection of variables more strongly associated with the outcome of interest 15, 16 . Modelling in stages was then undertaken, employing a backwards selection strategy within each level of the hierarchical model. Of the variables in Level 1, maternal schooling was introduced in the first stage of modelling, being adjusted only for child's age (Block 1). In the next two stages, variables related to maternal attributes (Block 2) and child attributes (Block 3) were subsequently included. The inclusion of contextual variables (Level 2) took place in the last stage of modelling. We chose to include in the initial model all variables that, in univariate analysis, showed a P-value below 0.15.
One of the advantages of multilevel modelling, mentioned by Hox 17 , is the possibility of analysing the interactions between variables describing individuals and those describing social groups. For the analysis of interactions between individual and contextual variables, the outcome considered was the interruption of EBF, so as to allow us to identify potential reductions in the risk of interrupting EBF associated with individual characteristics related to the effect of changes in contextual determinants. Data analysis was performed using MLwiN 1.1 software, employing a multilevel logistic regression model with generalised least-squares estimation 18 . The statistical significance of each variable in the multilevel logistic regression was analysed by Wald's test 19 . The present study was approved by the Research Ethics Committee of the School of Public Health of the University of São Paulo.
Results
Estimates of the frequency of EBF at selected ages are presented in Table 1 . The frequency of EBF was already low at the end of the first 15 days of life (32%), fell further still at age 90 days (12%) and was minute at around 6 months of age (4%).
The prevalence of EBF between 0 and 6 months found in the 111 municipalities was 13.9% (95% CI 13.6 -14.3). There was a wide variation in this indicator among the municipalities studied. Figure 1 presents the distribution of municipalities according to intervals of frequency of EBF in children under 6 months old. Table 2 presents the variables that compose the final model of individual and contextual determinants of EBF in children below 6 months of age and their corresponding odds ratios (OR). The individual variable mother's working situation and the contextual variables location, population and IPRS were not included in multilevel analysis, as they were not significantly associated with EBF in univariate analysis. The variable mother's schooling, adjusted for the child's age, showed a 'dose-response-like' effect on the outcome, i.e. the greater the mother's schooling, the greater the chance of the child being exclusively breast-fed. The children of women with complete or incomplete tertiary education were almost twice more likely to be exclusively breast-fed than the children of mothers who had not completed primary education.
Mother's age was significantly associated with EBF (P ¼ 0.000). It is interesting to note that there was an increase in the chance of EBF with increasing mother's age until the 25-29 years age group, after which the OR levelled out and even decreased slightly in the 35þyears category. Multiparity was also significantly associated with EBF (OR ¼ 1.42) after adjustment for the variables in Block 1 and mother's age.
There was a statistically significant association between EBF and female children (OR ¼ 1.12). The association between EBF and birth weight was significant, also showing a dose -response-like effect. Children whose follow-up took place in the private health-care network showed a greater chance of EBF (OR ¼ 1.10) compared with those who attended public network facilities. The mode of delivery and type of hospital in which the child was born (BFH or not) did not reach statistical significance after adjustment for the variables in Blocks 1 and 2 and for the remaining variables in Block 3, and were thus removed from the final model. It is interesting to note that, regardless of the effect of individual variables, the contextual variable total number of pro-breast-feeding measures was significantly associated with EBF, the children living in municipalities with better conditions (4 -5 measures) being 2.5 times more likely to be exclusively breast-fed than those living in municipalities with worse conditions. Table 3 presents the results of interactions between the contextual variable total number of pro-breast-feeding measures and individual variables. The statistical hypothesis that we sought to test by introducing the interaction terms in the model was whether living in a municipality with a good performance in terms of the implementation of pro-breast-feeding measures (4 -5 measures) could reduce the influence of certain individual attributes on the risk of interruption of breast-feeding the child (absence of EBF).
The final model with interactions allowed us to calculate the OR for the interruption of breast-feeding associated with each of the individual attributes and within the contextual condition of residency in municipalities with worse (0 -3 measures) or better (4 -6 measures) performance with regard to the implementation of pro-breastfeeding measures. We found that the contextual condition of living in a municipality with better performance reduced the negative impact of low maternal schooling and low birth weight on EBF. This condition also modified the effect of the variable use of public health-care network, rendering it a protective factor for EBF.
Discussion
Worthy of note in the present study are the low frequency of EBF in children under 6 months of age and the great variation in this indicator across the 111 municipalities studied. Likewise, the results of a study coordinated by the Brazilian Ministry of Health in Brazilian capitals in 1999 20 showed a low prevalence of EBF in children under age 4 months (35.6%) and, similarly to what was verified in the present study, detected a wide variation in the scenario of EBF in Brazil.
Regarding socio-economic conditions, we found that greater maternal schooling favoured the maintenance of EBF. Likewise, the last population-based study conducted in Brazil 21 showed that median duration of breast-feeding was below 1 month among women with less than 3 years of schooling and about 2 months in women with 12 or more years of schooling. A prospective study carried out by Pérez-Escamilla et al. 22 in municipalities of different countries (Santos/Brazil, Mexico City/Mexico, San Pedro Sula and Tegucigalpa/Honduras) showed that EBF was more frequent among women of high socio-economic level in the municipality of Santos in São Paulo State, the opposite being observed in Mexican and Honduran municipalities. In the city of Benin, in Nigeria, no association was found between women's socio-economic conditions and the duration of EBF 23 . These findings indicate a need for further studies, in different cultural contexts, in order to better investigate the association between the practice of breast-feeding and socioeconomic variables.
We found a statistically significant association between maternal age and EBF. These data confirm the results of the collaborative study conducted in Brazil, Mexico and Honduras 22 , in which a greater tendency towards EBF among women older than 18 years was identified only among Brazilian women. Regarding parity, there was a greater chance of EBF among multiparae. There is no consensus in the literature as to the effect of parity on breast-feeding 24, 25 , and little is known about the influence of this attribute on EBF.
Girls had a greater chance of being exclusively breastfed than boys. This finding is in agreement with the findings of Pérez-Escamilla et al. 22 in Brazil and Honduras. The authors discuss the possibility of there being a belief among health-care professionals and/or mothers that boys have greater nutritional needs, and thus require complementary feeding from an earlier age. A similar finding was reported in a study conducted in the Philippines 26 , suggesting that this association may be common to different regions of the world. Horta et al. 27 have previously described that low-birth-weight babies tend to be breast-fed for shorter periods. Eregie 23 , in a study of the association between EBF and mother's age, mother's schooling and birth weight in Nigeria, found that only birth weight showed a statistically significant association with breast-feeding after controlling for the remaining variables. The study conducted in Brazil and Honduras 22 found a greater duration of EBF among children born weighing 3100 g or more. This finding is consistent with the hypothesis that babies with lower birth weight, due to their weaker suckling, would fail to stimulate the establishment of an appropriate production of breast milk 28 . In the present study, we also found that children whose follow-up was done in private network facilities had greater chance of being exclusively breast-fed than children who attended public facilities, even after controlling for socio-economic conditions and other potential confounders. However, as we shall discuss below, the multivariable model studying the interaction between contextual and individual variables and the frequency of EBF indicated that the 'negative effect' of follow-up in the public network is restricted to municipalities with a poor performance with respect to the implementation of pro-breast-feeding measures.
The lack of an association between EBF and the sociodemographic characteristics of the municipalities, especially IPRS, suggests that EBF is a phenomenon that, unlike other outcomes such as infant mortality and malnutrition, does not include 'macro-contextual' characteristics among its major determinants. The scenario changes when we analyse the influence of context in terms of the presence, in the municipalities, of pro-breastfeeding measures. By employing multilevel models, we were able to verify that, after controlling for the effects of individual variables, the total number of pro-breastfeeding measures had a positive impact on EBF, being the variable with the greatest OR in the final model.
It is also interesting to observe that the concomitant implementation of several measures was able to improve breast-feeding practice. This finding is consistent with the arguments of Giugliani 29 . This author concluded, based on an extensive review of the literature on strategies to increase EBF, that several measures need to be implemented simultaneously, including the amplification of educational activities, community support, labour regulations, and compliance with the Brazilian Norm for the Commercialization of Foods for Lactating Infants. It is reasonable to speculate that municipalities that develop four or more pro-breast-feeding measures would be able to remove some of the major obstacles to the practice of EBF indicated by Giugliani 29 . Multilevel analysis also allowed us to test the hypothesis of whether the synthetic contextual variable total number of pro-breast-feeding measures would modify the effects of individual variables. Three statistically significant interactions were thus identified in the final model. These three interactions indicate that the implementation by municipalities of at least four pro-breast-feeding measures was able to attenuate the negative effect of two risk factors for the early termination of breast-feeding (low mother's schooling and low birth weight). Likewise, with respect to child follow-up, the implementation of at least four actions rendered follow-up in the public network a protective factor (and no longer a risk factor) for early interruption of EBF. In these three cases, evidence speaks in favour of the potential of concomitant implementation of several measures to reduce social inequalities in terms of the practice of EBF.
The present study also identified a number of groups 'susceptible' to the interruption of EBF before the 6th month of life, which may be useful for the planning of probreast-feeding measures more specific to this population. Notwithstanding, it is important to keep in mind that interventions aimed at reducing the prevalence of these 'risk factors' are often complex, and, generally speaking, are effective on medium-or long-term bases.
We hope that the positive impact of pro-breast-feeding measures found in the present study, along with the evidence that the implementation of a set of measures can attenuate or even annul the negative effect of individual 'risk factors' for the early termination of EBF, may serve as a further stimulus for policy-makers and health-care professionals at the municipal level.
